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a  b  s  t  r  a  c  t
We  report  the  results  of  a percutaneous  technique  to correct  a proximal  plantar  ﬂexion  deformity  of  the
second  toe that  combines  several  procedures:  tenotomy  of  the Flexor  Digitorum  Brevis,  plantar  capsulo-
tomy  for  release  of the  proximal  interphalangeal  joint  and  proximal  phalangeal  osteotomy.  The  goal  of
these procedures  is to  improve  anatomical  correction  and  preserve  articular  range  of motion.  From 2009
to  2011,  54  patients,  mean  age 64.4  years  old  (43–81)  underwent  surgery  for a proximal  deformity  of
the second  toe. Associated  tenotomy  of  the extensor  digitorum  longus  and  brevis  was  performed  in theammer toe
lective tenotomy
roximal interphalangeal osteotomy
presence  of  an  extension  deformity  of the  metatarsophalangeal  joint (24  cases).  After  a  mean  follow-up
of  30.7  ± 8.9  months,  the  rate of satisfaction  and  morphological  correction  was  high (89.5%  in  both
cases),  as well  as  the number  of  ﬂexible  toes  (88%).  Active  plantar  ﬂexion  was  preserved  in 86% of  the
cases.  This  seems  to be an effective  technique  to correct  proximal  plantar  ﬂexion  deformity  of  the  second
toe,  while  preserving  active  plantar  ﬂexion.
© 2015  Published  by Elsevier  Masson  SAS.. Introduction
There are numerous therapeutic options for lesser toe deformi-
ies [1–3] including arthroplasty [4,5], arthrodesis [6,7] and tendon
ransfers [8–10]. Open surgery is the reference technique but the
omplications including insufﬁcient correction, associated stiffness
nd its consequences as well as the long delay before functional
ecovery reported by certain authors [4,7,10], have resulted in the
valuation of percutaneous treatment of these deformities. In the
arly part of the 21st century, Mariano De Prado et al. [11] began
racticing a percutaneous technique in Europe to overcome the
isadvantages of open surgery based on reports of surgery of the
rst ray by surgeons and podiatrists in the USA, [12,13] as well as
umerous studies performed on toe deformities with ulcers in dia-
etics [14–17]. De Prado et al. [18] described a systematic tenotomy
f the ﬂexor digitorum longus (FDL) and the ﬂexor digitorum bre-
is (FDB) to correct proximal toe deformities that only leaves the
nterosseous and lumbrical muscles for active plantar ﬂexion. Dur-
ng walking, the toes are in contact with the ground three quarters
∗ Corresponding author. Tel.: +33 4 91 96 63 00.
E-mail address: solennefrey@gmail.com (S. Frey).
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877-0568/© 2015 Published by Elsevier Masson SAS.of the time during the stance phase [19], and this pressure, which
is only possible if fat pad strength is preserved, is especially impor-
tant in athletic patients or patients with proprioceptive disorders
[20]. The difﬁculties described following complete tenotomies in
the few reported studies in the literature are moderate. In a study of
188 toes in children, Ross and Menelaus [21] reported no conscious
loss of function after 9 years of follow-up despite the poor clinical
results of active plantar ﬂexion in 43 cases out of 62. After 1-year of
follow-up, Debarge et al. [20] did not report any signiﬁcant patient
dissatisfaction despite a toe grasp function defect, which reduces
the propulsion capacity of the toe especially during fast walking
and sports. A toe grasp defect can be prevented by avoiding a com-
plete tenotomy (FDL + FDB), thus we described a modiﬁcation to
the original technique that preserved the FDL [22].
The goals of this technical note were:
• to present a surgical technique combining plantar capsulotomy
for release of the proximal interphalangeal joint (PIP), selective
tenotomy of the FDB and osteotomy of the proximal phalanx (PP)
for the correction of proximal deformities of the lesser toes;
• to report encouraging results in a preliminary series of patients
treated with this procedure in the second toe.
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rFig. 1. Tenotomy of the FDB and plantar capsulotomy of the proximal interph
. Surgical technique
The patient was installed in the supine position on an adjustable
able with the legs apart so that the operated foot could be
pproached from all sides. Surgery was performed with an ankle
ourniquet in case of combined surgery of the ﬁrst ray. The tourni-
uet was not necessary if a purely percutaneous procedure was
erformed. Intraoperative X-ray was used if needed.
The procedure combined the following techniques:
release of the PIP (capsulotomy of the base of the middle phalanx
[MP]);
tenotomy of the 2 distal digitations of the FDB;
osteotomy of the proximal phalanx;
± lengthening of the extensors.
.1. Capsulotomy of the PIP associated with isolated tenotomy of
he FDB
This was performed with the toe in plantar ﬂexion throughout
he procedure to prevent collateral plantar nerve damage (Fig. 1).
he incision was proximal to the PIP, lateral or medial depending
n the operated foot and the surgeon’s dominant hand, on the pos-
erior tubercle of the distal epiphysis of the PP palpated with the
humb of the hand that was not holding the beaver. The latter was
irectly in contact with the bone on the plantar side of the neck of
he PP, then continued following the plantar side of the epiphysis
f the PP to reach the plantar base of the MP  where the plantar
ortion of the capsule of the PIP was sectioned by a sweeping hor-
zontal movement at the base of the MP,  then more distally, the 2
igitations of the FDB.
To conﬁrm complete resection of the 2 digitations of the FDB, a
ugine was then inserted, and careful palpation of the entire plantar
Fig. 2. Proximal phalanx osteotomy: plantar ial joint (b) with a beaver: lateral or medial incision, toe in plantar ﬂexion (a).
side of the diaphysis of the MP  including the lateral and medial
edges was  performed. The diaphysis could not be reached with the
rugine unless the interphalangeal capsule had been detached.
The released toe was then placed in dorsal ﬂexion by a passive
maneuver to conﬁrm reduction of PIP ﬂessum.
2.2. Proximal phalanx osteotomy
This was performed by a plantar approach at the base of the toe,
in the metaphyseal area of the PP that preserved the ﬂexor ten-
dons (incision with the operated toe maintained in dorsal ﬂexion to
insert the beaver longitudinally in contact with the bone in the area
located between the plantar digital fold and bump of the metatarsal
head (Fig. 2). Fluoroscopic control was not necessary for experi-
enced surgeons. This incision was medial or lateral depending on
the side being operated on and the surgeon’s dominant hand.
A rugine was  then inserted to prepare the surgical site for the
osteotomy, ﬁrst at the phalanx then continuing in contact with the
bone.
The osteotomy was:
• monocortical, enough to obtain plantar ﬂexion in moderate
deformities;
• usually bicortical to obtain the shortening necessary for perma-
nent correction in more severe deformities.
2.3. Tenotomy of the extensors (non-systematic)
This was performed in the area where the two tendons (extensor
digitorum longus [EDL] and brevis [EDB]) are separate, that is at
the ﬁbroaponeurotic expansion at the metatarsophalangeal joint,
so that the “capsule effect” of the expansion could be preserved
(anchoring the EDL to the plantar side of the metatarsal head and
ncision (a) in the metaphyseal area (b).
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he base of the PP) to prevent proximal retraction of the tendon
ith toe drop (Figs. 3 and 4).
A plantar ﬂexion maneuver was simultaneously performed on
he toe to conﬁrm the success of the procedure: success crite-
ia were tactile, including disappearance of tendon tension, and
isual in certain cases, depending on the morphology of the
atient. This additional procedure was only performed in the pres-
nce of a metatarsophalangeal joint in hyperextension. Pins were
ot used to maintain reduction, even in cases with associated
steotomies.
. Postoperative care
Bandaging is very important. It must be performed by the sur-
eon him/herself at the end of the procedure to maintain the toes in
he correct position, using hypoallergenic adhesive Durapore-type
andages (Fig. 5a). Bandages are replaced by the surgeon between
7 and D10 and worn until D21, when it is replaced by a removable
rthoplasty until D45 (Fig. 5b).
Immediate weight-bearing is allowed with the patient wearing
 semi-rigid shoe that is wide enough to include the bandage for
1 days.
Axial toe traction rehabilitation exercises are performed sev-
ral times per day by the patient after D8; stretching exercises and
xercises to increase range of motion with a physical therapist are
egun on D21.. Clinical series
Between 2009 and 2011, 283 feet were operated on in our center
or lesser toe deformities.
ig. 4. Dorsal view of the extensor mechanism. 1: interosseous; 2: extensor digitorum lo
ntermetatarsal ligament.) at the metatarso-phalangeal joint (b).
4.1. Inclusion criteria
Inclusion criteria were the presence of a proximal deformity of
the second toe, whatever the reducibility, associated or not with
metatarsophalangeal hyperextension or requiring associated man-
agement of ﬁrst ray and/or lateral ray deformities.
4.2. Exclusion criteria
Exclusion criteria were the presence of metatarsalgia, severe
lesions of the plantar plate on ultrasound or metatarsophalangeal
dislocation or subluxation on X-ray resulting in an associated
metatarsal osteotomy as well as the presence of osteophytes and
arthritis of the PIP and an associated distal interphalangeal defor-
mity.
Fig. 6 presents the ﬂow diagram of our clinical series including
57 feet (54 patients). They were ﬁxed and non-reducible defor-
mities in 42 cases and reducible in 15 cases. Patients were mostly
women (53 women/1 man), mean age 64.4 years old ± 8.4 [43–81].
An associated tenotomy of the extensors was  performed in 24 cases
(42%). The osteotomy of the proximal phalanx was monocortical in
9 cases (15.8%) and bicortical in 48 cases (84.2%).
After a mean follow-up of 30.7 months ± 8.9 (15–49), the results
were evaluated by the patient for subjective criteria and by an
independent observer by clinical examination for objective crite-
ria: morphological features, passive PIP ﬂexion and active plantar
ﬂexion (intrinsic function and FDL function). Subjective results
show an overall satisfaction rate of 89.5%, 98% for cosmetic results
and 81% for pain relief. Estimated objective correction was 89.5%
(Figs. 7 and 8). It is important to note that only 7/57 (12%) toes
were stiff (rigid PIP with no passive ﬂexion) and 86% of the toes
had preserved active plantar ﬂexion.
ngus (EDL); 3: extensor digitorum brevis (EDB); 4: ﬁbrous cap back; 5: transverse
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bFig. 5. (a) Postoperative dress
The rate of complications was 5.2%, all of them were minor
nd had no long term effect. There were 2 anatomical failures
3.5%) resulting in two cases of revision surgery by interphalangeal
rthrodesis. There were no septic complications, trophic distur-
ances or complex regional pain syndrome.
Fig. 6. Flow chart b) postoperative orthoplasty.
5. DiscussionSelective tenotomy of the FDB, plantar capsulotomy for PIP
release and PP osteotomy resulted in successful morphological cor-
rection of the second toe in 89.5% and 89.5% overall satisfaction
of the series.
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Fig. 7. Clinical appearance: preoperative (a), postoperative D45 (b) and at 1 year (c).
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ncluding procedures with associated ﬁrst ray surgery, whose cor-
ection provided permanent repair of the second toe.
Our results are similar to those in the literature for open surgery,
hich report satisfaction in between 80 and 90% of cases [1–10].
The percutaneous series in 50 patients by Debarge et al.
20] associating metatarsal osteotomies and FDB and FDL teno-
omies reported 82% satisfaction after a mean follow-up of 11.6
onths. The main limitation was the loss of active plantar ﬂex-
on associated with complete resection of the FDB and FDL
eaving only the lumbrical and interosseous muscles for plantar
exion.
The goal of our technique was to obtain both morphological cor-
ection and to preserve active plantar ﬂexion by preserving the
DL, which was successful in 86% of patients. Our results with
ostoperative stiffness in only 12% of patients (7/57 feet) can be
xplained in part by the percutaneous technique but also and espe-
ially by the active participation of the patient in at home physical
herapy exercises. The series included ﬁxed deformities in nearly
5% of the cases, which did not prevent correction thanks to PIP
elease.
This preserved ﬂexibility is a real advantage compared to tra-
itional techniques which often result in stiffness, in particular
rthroplastic resections [4,5] and interphalangeal arthrodesis [6,7],
hich even if they allow intrinsic FDL activity, can result in sec-
ndary distal interphalangeal ﬂexion disturbances.
The disadvantage of this procedure is 6 weeks of mandatory
mmobilization to maintain toe correction and that requires a med-
cal team (surgeon, nurse, podiatrist)., postoperative D45 (b) and at 1 year (c).
6. Conclusion
The percutaneous technique of selective tenotomy of the FDB,
plantar capsulotomy for PIP release and osteotomy of the PP is a
therapeutic option that provides effective realignment of PIP plan-
tar ﬂexion deformities of the second toe, while preserving passive
and active plantar ﬂexion with good intermediate term results and
a low rate of complications. It can be proposed for a ﬂexible or stiff
toe in the absence of severe osteoarthritis with osteophytes. These
initial results are encouraging but other clinical studies are needed
to obtain a long-term evaluation of this percutaneous technique for
correction of lesser toe deformities.
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